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0 Optical assembly comprising optical fiber coupling means. 


0 Disclosed is a novel "hennetic" optical assem- 
bly. A radiation-transmissive member (10) seals an 
aperture (22) in the assembly housing. The member 
comprises two meyor surfaces and a recess (12) that 
M extends from one surface towards the other, with a 
^ "septum" (14) between the bottom of the recess and 
the other surface. An optical or opto-electronic de- 
QQ vice (23) ty^Mcally is nKxinted on the inside surface 
^ of the member, and the end of an optical fiber is 
^ maintained outside of the assembly in coupling rela- 
^ tionship with the device. In a cunrently prefenred 
^ embodiment the recess extends from the outward- 
O ^ng surface of the member and serves to position 
ibe end of the optical fiber with respect to a device 
mounted in a "weir (11) in the inward-fadng surface 
of the member. In another embodiment, the outward 
facing surface of the member comprises geometrical 


features (e.g., recesses) that mate with correspond- 
ing features (e.g., protrusions) on a guide plate that 
serves to position the ends of a multiplidty of fibers 
with respect to devices mounted on the ix)ttom of a 
recess extending from the inward-facing surfoce of 
the radiation-transmissive member In all embodi- 
ments radiation Is transmitted through the septum. In 
prefenred embodiments the radiation-transmissive 
member is (ICQ) SI, with the recess (and 6ther 
features) produced by means comprising photo- 
lithognaphy and anisotropic etching. 
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OPTICAL ASSEMBLY COMPRISING OPTICAL HBER COUPUNG MEANS 


Reld of the Invention 

This invention pertains to optical connector as- 
semblies, and more particularty, to sealed optical 
assemblies comprising means for coupling an op- 
tical fiber signahtransmissively to an optical or 
opio-electronic device wltiiin the assembly. 

Background of the Invention 

Apparatus that comprises an optical assemt)ly 
[we intend "optical assembly" to include assem- 
blies that comprise opto-eiectronic elements such 
as optical radiation detectors (e.g, PIN diodes), or 
optical sources (e.g., LEDs or laser diodes), assem- 
bfies that comprise only purely optical elements, as 
well as assemblies that comprise optical and opto- 
electronic elements], finds use in many important 
fields of technology, e^., in optical communica- 
tions, and is expected to find even wider use in the 
future, e.g., in optical computing. In many of these 
fields reliability of the optical assembly is of utmost 
Importance. One known technique for achieving 
high reliability comprises placement of the optical 
and/or electro-optical components into a controlled 
environment, namely, into a sealed housing. This 
application deals with sealed optical assemblies 
comprising means for coupling an optical fiber to 
an optical or opto-eiedronk: devtee. 

Sealed optical assemfcriies of the relevant type 
are well known to the art However, such prior art 
assemblies generally have one or more shortcom- 
ings. Among these shortcomings are complex de- 
sign and/br assembly, rebtiveiy high cost, limited 
fiexnbtSty with regard to product code cfianges, a 
relatively high number of critical O-o- leak-tight) 
seals, need for mslafized fiber, use or prectsiorh 
machined parts, and need for active afignment of 
the (tovk:e relative to the fiber. 

For instance, in one type of sealed assembly, 
exemplified by US patent 4,119,363. the fiber 
(iirequentiy a melalKX)aled fiber) is threaded 
tiirough a metal tube, a sokier seal is fbnmed 
between ttie fiber and the tube, the tube is inserted 
into a metal housing and soldered thereto, after 
active alignment of the fiber to a device within the 
housing. It will be noticed that such an assembly 
comprises two critical seals, namely, the sokJer 
jdnt tietween the tube and the housing, and tiie 
solder joint between the tube and the optical fiber. 
The reliability of the latter joint typically is highest if 
the fit)er is metalized. Such metalization however is 
relatively costiy, and frequentiy results in reduced 
fto&r strength. Another example of this type of 


sealed assembly can be found in US patent 
4.719.358. 

A second type of sealed assembly Is exempli- 
fied by US patent 4,222,629.. In this type of assenv- 

5 biy the fit>er is not brought inside the sealed as- 
sembly, and thus the need for fonning a leak-tight 
seal l)etween fiber and another memt)er is eTimi- 
nated. The '629 patent discloses a preclsk)n mem- 
ber that is soldered into an aperture in the assenv* 

10 bIy housing and which receives a mating body with 
tiie fiber tiiereln. A transparent face plate Is sok 
dered into the end face of the precision member, 
such that light from the fiber is transmitted through 
the face plate and can be detected by a detector 

T5 inside the sealed assembly. The detector is ac- 
tively aligned with respect to the fitter. The connec- 
tor of the '629 patent comprises a predion 
machined part which determines all critical align- 
ment dimensions, and two critical seats, namely. 

20 the joint between the predskm member and tfie 
assembly housing, and that t»etween the face plate 
and tfie erxJ face of the prectskm memt)er. Furtfier- 
more, the design requires active alignment, name- 
ly, visual positioning of the devk» wrtti respect to 

2S the fiber. 

In view of the commerdal stgnrficance of seal- 
ed optical assemblies, it would be highly desirable 
to have available an assembly that can have a 
smaller number of critical seals tfian do prior art 

30 assemblies, tiiat does not require a precision 
machined member for coupling the fiber to the 
assembly, that does not require metalized fiber, 
and that optionally can be assembled vrithout ao- 
five aTignment of the fiber relative to a devk^e witinn 

35 the housing of the assembly. This application cBe- 
doses assemblies having one or more of these 
characteristics. 


40 Definitions and Qossary 

By "optical" radiation we mean herein radiation 
of wavelength that can be transmitted throu^ op- 
tical fiber. Currently this wavelength comprises the 
45 range from atx)ut 0.4 urn to aboiA 2 urn, with the 
range 0.8-1.6 um being most useful. However, it is 
^cpected that the range vWli be extended both at 
the short and tfie long wavelength end. 

"Optical devices" are devices tfiat operate on. 
so or in response to, "optical" radiation and do not 
have an electrical input or output 

"Opto-electronic devices" are devices tfiat 
emit or respond to, "optical" radiation and have an 
electrical input or output 

A member is a "radiation-transmtssive" mem- 
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ber herein if at (east a portion of ttie memi^er is 
relatively transmissive for a given wavelength of the 
"optical" radiation, where by "relatively transmis- 
sive" is meant that a useful fraction of the radiation 
power Incident on the transmissive portion of the 
memt)er is transmitted therethrough. In some ap- 
plications 50% may constitute a "useful* fraction, 
but in communications applications it is typically 
necessary that the total insertion loss associated 
with the transmissive member be substantially less 
tiianSdb. 


Summary of the invention 

The invention is as defined by the claims. In a 
particular embodiment it is a novel optical assem- 
bly that comprises advantageous means for opti- 
cally coupHng the fiber to an optical or opto-elec- 
tronic device (herein collectively "device"). The 
optical assembly can overcome many of the prot>- 
iems associated with tiie prior art For instance, in 
preferred embodiments ttie inventive assembly can 
have fewer critical seals tiian prior art assemblies, 
and thus be less prone to failure due to leakage. 
Furtiiermore, the inventive assemt>ly need not 
comprise any precision machined parts, resulting 
typically \n lower cost Still furtttennore. a prefenred 
inventive assembly frequentty does not require ac- 
tive alignment of tiie device witti respect to the 
fiber, as typically is the case in prior art assem- 
blies. 

These and other advantages can be otrtained, 
Inter alia, through tiie use of a radlation-transmls- 
sive memt)er of novel geometry. The member can 
be made from a variety of materials, including, for 
Instance, semiconductors, quartz or glass. In cur- 
rentiy prefsnred embodiments the member is a Si 
body ttiat can be produced witii high accuracy by 
standard semiconductor processing techniques. 
The member sen«s to seal an aperture in tte 
housing of tiie optical assembly, the seal between 
the member and the housing typically being the 
only critical seal associated with the means for 
coupling the fiber to tiie device. By a "critical" seal 
we mean a joint which has to be leak-tight to within 
predetermined limits to yieM a "hennetic" optical 
assembly. 

More particularly, a prefenred optical assembly 
comprises a housing with at least one aperture 
tiierein, at least one devtee inskie the housing, and 
optical fiber connector means adapted for sealing 
the aperture, for receiving the end of an optical 
fiber, and for maintaining the end of the fiber in 
optical coupling relationship with respect to the 
devtee. The connector means comprise tiie 
radiation-transmissive member. The optical fiber 
does not extend into the housing txit terminates at 


or spaced from ttte outwardly-facing side of the 
radiation-transmisslve member. 

The radiation transmissive member Is secured 
to tiie housing such ttiat the member seals tiie 

5 aperture in the housing. The meml)er has a first 
surface and a second surface, at least part of the 
second suriace preferably being substantially par- 
allel witti tiie first, witti ttie first surface facing 
outwardly with respect to the housing. In a first 

10 embodiment tiie member comprises a first recess 
tiiat extends firom the first surface part way to tiie 
second surface, leaving a "septum" of material 
Isetween the bottom of tfie recess and the second 
surface. In tiiat embodiment the device typically is 

76 mounted on the second surface of the member in 
predetermined relationship witti regard to ttie re- 
cess, but could be formed, also in predetermined 
relationship with regard to the recess in the mem- 
ber, by known semiconductor processing tech- 

20 niques. Botti ttiese F)Osstbilities are contemplated if 
the phrase "ttie device is on the second surface of 
ttie member", or Its equivalent is used herein. 

In a second embodiment the member com- 
prises a recess that extends from ttie second sur- 

26 face part way to. ttie first surface, leaving a 
"septum" of material between the bottom of ttie 
recess and ttie first surface. The de>nce typically is 
mounted on the bottom of the recess. 

The connector means also comprise means for 

30 maintaining ttie end of ttie optical fiber in optical 
coupling relationship witti the device, with the radi- 
ation to t>e transmitted between fiber and device 
through ttie septum. In the first embodiment ttiese 
means for maintaining the fiber in coupling relation- 

35 ship comprise the recess in the radiaSon-transmi^- 
sive member, which recess, inter alia, defines a 
reference position on the memt)er. In ttie second 
emtxxllment these means comprise geometrical 
features on or in ttie first surface of the member. 

40 in one exemplary first embodiment the end of 
the optical fiber is directiy inserted into the recess 
in the radiatiorHransmlssive member. In ether ex- 
emplary first embodiments a focusing means, e.g^ 
a sphorfoal lens, is inserted into ttie recess» or 

45 maintained in fixed relationship relative to ttie re- 
cess, and the end of the optical fiber is maintained 
in predetemnined position relative to the focusing 
means by appropriate means. The latter embodi- 
ments can take the fbmn of a disconnectable con- 
so nector. resulting in a sealed optical assembly to 
whk^ fiber can be connected easily and quickly. 

Exemplary second embodiments of ttie inven- 
tion comprise multifiber connecting means using a 
radfation-transmissive member that either contains 

55 a multiplicity of recesses or a recess adapted for 
accommodating a multiplicity of devices. The fiber 
ends can abut against the first surface of the mem- 
ber, or focusing means can be interposed between 
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the fiber ends and the surface. 


Brief Pescffption of the Drawing 

RG. 1 schematically depicts an exemplary 
radlation-transmissWe member; 

RGS. 2 and 3 show schenrwrtically portions of 
exemplary optical assemblies according to the 
invention; 

RGS. 4. 5 and 6 depict schematically portions 
of exemplary optica! assemblies witii optical fi- 
t)ers attached thereto; 

RG. 7 schematically depicts a part of an exem- 
plary optical assembly with fiber coupling 
means; 

RG. 8 shows schematically a portion of an ex- 
emplary multi-recess memt)er according to tfie 
first embodiment of the invention; 
RG. 9 depicts schematically a portion of an 
exemplary radiation-transmissive member of a 
multi-fiber connector according to the second 
embodiment of the Invention; and 
RG. 10 schematically shows the relevant part of 
an exemplary optical assembly with fiber cou- 
pling means according to Itie second emtxxJi- 
ment of the invention. 

IMo attempt has t>een made to depict true sizes 
or proportions. Like features are designated by like 
numerals in diffierent Rgures. 


Detailed Description of Some Preferred Em- 
bodiments ~~ 

Optical assemblies according to the invention 
typically comprise a novel radlatiorHransmlssive 
member. The member seals an aperture in tfie 
housing of the assembly and comprises at least 
one recess that extends part way through the 
member, provlcfing in some emtxxfiments a refer- 
ence feature tfiat helps to position the fiber and the 
associated devtoe in cotipfing relationsf^. AKhough 
the invention Is not so Omrted, the discusskm bekyw 
will generally be in terms of Si memt)ers, 

Bcempterily the comprises features of "optical 
mIcro-assembBes" (OMAs) of ttie type disck)sed in 
US patents 4.779.946 and 4.826.272. with one 
crudal difference. Whereas prior art OMAs com- 
prise a through-aperture that extends from a first to 
a second surface of the OMA. the inventive 
radiation-transmissive member does not have a 
through-aperture. Instead the member comprises at 
least one recess ttiat extends from one of the 
surfaces towards tiie other one, leaving a septum 
of material between tiie bottom of the recess and 
the otfier surface. In the prevk>usly referred to first 
and second embodiments of the invention the re- 


cess extends, respectively, from the first tovirards 
the second surface, and from the second towards 
tiie first surface. 

When the member Is a Si member, then It can 

5 readily be produced by known semiconductor pro- 
cessing techniques, optionally including the batch 
testing and/or bum-in techniques disclosed in US 
patent appHcation Serial No. 3S3.264, filed Msf 17, 
1989 for R. J. Pimpinella and J. M. Segelken and 

10 titied 'Method of Manufecturing Optical Assem- 
blies". 

RG. 1 schematically depicts an exemplary 
radiatiorv-transmissive memt)er 10 according to the 
invention. Unless otherwise noted, the following 

75 discussion is in terms appropriate for the first em- 
bodiment of the invention. Ihe member has first 
and second surfaces 18 and 17, respectively, with 
17 comprising a "well" 11 and side-walls 13. Re- 
cess 12 extends from 16 towards 17, with septum 

20 14 forming the bottom of the recess. Generally, ttie 
thickness of the septum is not critical, provided that 
the septum iias enough mechanical strength to 
withstand the anticipated pressure drfferential be- 
tween the inside of the assemt>ly and the ambient 

25 Bcemplarily. the thickness is in the range 20-60 
um. The recess is shown with sloping skie^ls. 
This feature is optional, as is the presence of bevel 
15. Furthermore, the presence of the well is op- 
tional. Kkswever, some currentiy prefenred embodi- 

30 merits of the invention comprise a Si radiation - 
trarignl gjve member havjng_a g eometry, sut)stan- 
tially as depk^ed schematically in RG. 1. 

RG. 2 schematically shows a portion of an 
exemplary inventive assembly. The assembly 

35 housing comprises a first memt>er 20 and a second 
member 21, with 21 to be hmnetically sealed to 
20, typk:ally at the end of the assembly process, 
exemplarily be means of conventional sokier 2& 
The housing can be metal, ceramic, or any other 

40 appropriate material. The side wall of 20 comprises 
a fiber access aperture 22. and racfiatiocHransmis- 
sfve member 10 sealingly covers 22, with recess 
12 facing oulwarcDy and being concentric with 22. 
Typteally member 10 is sokJered to the skie wall of 

45 20. Concentricity can be achieved by any appro- 
priate technique, exemplarily by means of a hot 
"finger" that Is inserted through 22 and which botii 
heats and positions member 10. Lxvwering the tem- 
perature of the hot finger results in freezing of 

50 solder 27, with the member in appropriate position 
relative to fiber access aperture 22. 

Although not a requirement, device 23 
(exemplarily a laser, i-ED. or detector) advanta- 
geously is mounted on the second surface of 

55 member 10 prior to the latter's attachment to the 
housing. In any case, the device is positioned in 
predetermined position relative to recess 12, exem- 
plarily utilizing alignment marks on the second sur- 
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face of the member, as described in the *272 
patent Electrical connections are established be- 
tween device 23 and conductor means (not ail 
shown) on member 10. Bcemplarify, such contact 
between the back side of the device and an appro- 
priate conductor pad is established by means of 
conventional wire bond 24. Similariy, wire bond 25 
provides electrical connection between conductor 
means on the bevel of memt)er 10 wHh a connec- 
tor pad on circuit board, AVP-type Si substrate, or 
ceramic HlC 26. 

A further exemplary embodiment is shown in 
RG. 3. wherein contact block 31 has a conductor 
pattem 32 thereon, such that electrical contact can 
be established between 32 and conductor means 
30 on member 10, e.g.. by means of solder. 
Wirebond 25' provides electrical access to device 
23. 

Those skilled in the art will understand that 
electrical contact typically has to be made also to 
the front face of devtoe 23, and will know tech- 
niques for doing so. See, for instance, the '946 and 
'272 patents. Exemplarily, the inward-facing surface 
of the radiation-transmissive member carries an 
appropriate conductor pattem, the front face of the 
device Is appropriately metaSzed, and a coruJucth^ 
connection between the conductor pattem arxi the 
metafization is established by means of solder. 

In currently prefenred emtKxIiments member 10 
is a (100) oriented single crystal Si body that is 
produced by known technkjues. In this case, well 
11 and recess 12 both advantageously are pro- 
duced by anisotropk: etching. Although tf^ recess 
advantageously has a flat bottom this is not a 
requirement Both pyramid-shape and truncated 
pyramkJ-shape recesses can readily be produced 
by anisotropic etching of Si or other semkx)nduc- 
tors, as is well known to those skilled in the art 
However, racfiatknhtransn^ssive members need not 
consist of semiconductor material, and in other 
materials (e.g., glass) the recess may advanta- 
geously be of truncated cone or other "circular" 
shape. 

^ Although not an absotute requirement. It is atf- 
vail^eous to use anti-reflectk>n (AR) coated 
radiation-tnansmissive members. For instance, if the 
member is a Si member then, due to the relatively 
high refractive index of Si (0-3.5), the reflectkMn 
toss at each air/Si interface would be about 30% at 
both 1.3 and 1.55 um. Since there are 2 air/Si 
interfaces, an inventive assembly without AR coat- 
ing might introduce a toss of more than 3 db. On 
the other hand, by using an AR-coated member 
(exemplarily. 0.17 um thick cubic Zirconia films on 
both skies of the septum) it has been possible to 
produce connector assemblies that had substan- 
tially lower insertion toss, in preferred embodiments 
less than 0.1 db. AR coatings, including a tech- 


nique for determining the appropriate thickness for 
given coating material, for selecting an appropriate 
coating material, and for depositing the coatings, 
are well known to those skilled in the art 

5 As shown in RG. 4, a fit>er 40 can be inserted 
through access hole 22, advanced until the end of 
the fiber rests against the skle wails of recess 12, 
and fixed in this positton by appropriate means, 
e.g.. by adhesive means 41. It will be noted that 

70 this fiber attachment can be carried out after the 
assembly has t>een sealed, and coukj even be 
carried out in the field. This feature of the inventive 
assembly makes it easy to switch between manu- 
facturing codes that call for different lengths of 

75 fiber. It will also be noted that the t>ond between 
the fitter and the walls of the access hole need not 
be hermetic. Typically, fibers canry a polymer coat- 
ing 42 which can be, txit need not be. removed 
from a portion of the fiber prior to insertion of the 

20 fiber into the hole. Typically a connector assembly 
comprises strain relief means. Such means are 
conventional and are not shown in the figures. 

A further exemplary embodiment is schemati- 
cally depicted in RG. 5, wherein lens 50 is held in 

25 the recess by appropriate means (e.g., adhesive 
m eans^ that are not shown^ with the curvature and 
refractive index of the lens, as well as the distances 
between the lens and the device 23, and the end of 
the fiber 41 and the lens, selected such that the 

30 lens focuses ttie fight from tfie fiber onto the de- 
vice, or focuses light emitted from the device onto 
tiie fiber, as ttie case may be. tenses appropriate 
tor this use are known In the art. Exemplarily, lens 
50 Is a sapphire sphere. 

35 A still further embodiment is schematically 
shown in RG. 6. wherein spherical lens 50 Is heki 
by appropriate means (e.g.. a press fit) in access 
hole 22. Witt) tiie distances and optical properties 
chosen such that appropriate focusing takes place. 

40 The inventive assembly can not only be pro- 
vided wHh a fiber "pig-tail" but can also be connec- 
torized such tiiat a fiber can be easily coupled to 
ttie assembly. RG. 7 schematically depicts sffi ex- 
emplary connectorized assembly. The connector 

45 portion c/f ttte assembly is similar to a connector 
disclosed, for instance, in US patent application 
Serial No. 314,683, incorporated herein by refer- 
ence. The mating connector part can be suk>stan- 
tially as ducted in RG. 5 of ttie *683 appltoation 

50 and Is not shown. 

RG. 7 shows an assembly tfiat comprises a 
housing part 20' similar to part 20 of RG. 2, 
comprising a stub 75 which mates wftti connector 
housing 71. Stub 75 also comprises a recessed 

55 portion which receives connector "plug" 70, exem- 
plarily a ceramic capillary cylinder. A lengtii of 
optical fiber 40' is Inserted ttirough ttie capillary 
bore 76 of 70 into access hoto 22 and secured 
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therein. The excess fiber is then removed and the 
plug endface polished, all in known manner. Con- 
nector housing 71 Is then sflpped onto stub 75 and 
attached thereto. e.g.. by soldering. Rnally, align- 
ment sleeve 72 is placed over the plug and se- 
cured axially by means of retainer ring 73. Connec- 
tor housing 71 also comprises means 74 for engag- 
ing an opposing connector housing (not shown), 
exemplarily by means of a twist-and-lock type ar- 
rangement Such means are well known in the 
connector art Briefly, the opposing connector ter- 
minal comprises a phig similar to plug 70 that fits 
into sleeve 72 and is held radially aligned thereby. 
Typically the terminal comprises spring means that 
urge the terminal plug towards plug 70 such that 
the two opposing plug end faces are held in con- 
tacting relationships, with the fibers in the respec- 
tive plugs being in signal-transmissive relationship. 

So far, the discussion has primarily been in 
terms of single-fiber assemblies. However, the in- 
vention is not so limited. For instance, as schemata 
cally depicted in Rg. 8, the radiation-transmissive 
member 1o', could be similar to member 10 but 

have a multiplicity of recesses 121. (1 = 1.2, 

n) wfth housing 20 having a conr^sponding mu^ 
tiplidty of appropriately placed access apertures. 

Devices are mounted on the inward-fadng side 
(rf the respective s^>ta. and electrical contact es^ 
tablished thereto, all substantially as discussed In 
reference to a single^ber assemt)iy. The multi- 
recess memt)er is then attached to tfie assembly 
housing so as to seal the aperture therein, fibers 
are inserted through the access apertures and af- 
fixed tfiereto in optical coupling relationship with 
the respective device, all substantially as dis- 
cussed. 

The tolkiwing discussion, unless ncted other- 
wise, pertsdns to the previously referred-to second 
emtxxjiment of the inventioru RG. 9 shows 
radiation - transmissi v e m&mb&r 90 having first and 
second enlaces 16 and 17. respectively. Recess 
12' extends from tfie second towards the first sur- 
face, with septum ^A between the txyttom of fhe 
recess and tfie first surfoce. The member also 
comprises geometrical features exempfified by in- 
dentations 91, that serve to mdntain an opposing 
member in appropriate relationship with respect to 
recess 12'. A device typically is mounted in the 
recess. It will be appreciated tfiat member 90 can 
comprise a multiplidty of recesses, or tfiat a recess 
can be dimensioned such that it can accommodate 
a multiplicity of devices. It will also be appreciated 
that member 90 tyfricaily will comprise a multtpfic- 
ity of Indentations (or other geometrical features), 
and that these features can be anranged In any 
desired fe^ion. In a cun^ently preferred emt)odi- 
ment member 90 is a (100)-oriented Si member, 
the recess (or recesses) and tfie indentations are 


fonmed by anisotropic etching in known manner. 
Both sides of the septum 14 preferably are an- 
tireflecfion coated. 

RG. 10 schematically depicts the relevant por- 

5 tion of an exemplary inventive assembly according 
to the second embodiment The assembly housing 
comprises first and second memt)ers 20 and 21 , 
substantially as described in connection with RG. 
2. The first member comprises plug access open- 

10 ing 101 and plug guide means 102. Radiation- 
transmissive member 90 is attached to housing 
member 20' such tfiat device 23 is in predeter- 
mined position relative to geometrical features 91. 
Numeral 103 refers to the female portion of twist- 

76 and-lock-type (bayonnette) means for securing 
male connector memt)er 104 to the assembly. 

The male connector member comprises a 
gukJe member 105 ttiat comprises a through-ap- 
erture sut)stantially of tfie type disctosed in the 

20 '946 patent, but that furtiiermore comprises fea- 
tures that cause the gukie member to mate with 
the geometrical features in (or on) the first surface 
of member 90. If features 91 are recesses then 
features 106 are protrusbns. However, if desired, 

25 msmbef 90 coukJ comprise protruskxis and 105 
recesses. Ottier mating features are also possible 
and are contemplated. Tfie guide memtier is at- 
tached concentrically to tubular memt)er 107. 
which in tum is hekJ slk£ngly within housing mem- 

30 bers 108 and 109. The latter are fastened together 
by any appropriate means, e.g.. thread means. 
Spring means 110 sunround a portion of tot)ular 
member 107 and urge the memt)er forward. Up 
111 limits the forward motion of 107. Coated fiber 

35 42 is Inserted into 107. with a lengtti d bate fiber 
40 extending into the througf>-aperture of 105 and 
positioned thereby with regard to protrusions 106. 
Stot>s 112 are used to secure 104 to the mating 
lioustng assemt>ly. 

40 It win be appreciated tfiat RG. 10 is exemplary 
only, and tfiat otfier emtxxfiments of tfie mvention 
are poesit>le. For instance, tfie assembly of RG. 10 
can readily be mocfified to yield a multi-fiber con- 
nector. In tfiat case, ttie recess 12 advantageously 

45 is trough-tike, wrtti fiduciary marics or other means 
provkied to permit appropriate placement of de- 
vices on tfie bottom of the recess. Guide member 
105 in that case comprises a pluraTity of thnuigh- 
apertores. all positioned and dimensioned to result 

50 in coupling t)etween tfie fibers and the conrespond- 
ing devices. 

Altiiough not an absolute requirement, 
'female" member 90 and "male" member 105 
advantageously are fabricated from single crystal 
55 (100) Si wafers by a metixxi that comprises star>- 
dard photolithography and anisotropte etching, sut>- 
stantially as described In the '946 and '272 patents. 
In tiiat case, the ades of the protrusions, the skie 
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walls of the through-apertures, arKi the side walls of 
the recess in the female member will all have the 
same (crystallographically defined) angle (54.74 
degrees) with respect to the (100) plane. The 
through-aperture can be dimensioned such that the 
optical fiber comes to rest against the side wall of 
the aperture or such that the fiber can just clear the 
opening, in the latter case the fiber typically would 
be scribed and cleaved. 

The through-apertures (and conrespondlng de- 
vices) need not be placed in a linear anray. For 
instance, for some applications it may be advanta- 
geous to arrange the apertures in two or more 
parallel linear arrays, with neighboring arrays offset 
by half the (common) spacing between two neigh- 
boring apertures in an anray. Such an anrangement 
lends itself to coupling multiple fiber ribbons to m 
optical assembly. Exemplarily, a commercially 
available fiber ribbon cable contains two or more 
fiber ribbons, each ribbon typically containing 12 
equally spaced fibers. Optionally grooved guide 
plates could be placed between adjacent fiber rib- 
bon ends, to fadlitate simultaneous insertion of all 
the fiber ends into the respective through apertures 
of an appropriate male member. 

The above described multi-fiber connector 
means are not limited to use in assemblies accord- 
ing to the invention Q.e^ comprising a radiation- 
transmissive female member)* but could, with mi- 
nor nruxfifications, also be used in fiber-4o-fiber 
connector means in which the female member also 
comprises through-apertures. 

Although the figures herein show cleaved fi- 
bers, lensed fibers can be used also, as will be 
appreciated by tfiose skilled in the art For single 
mode applicafions lensed fibers are current pre- 
ferred. 


daims 

1. An optical assembly comprising 

a) a member {20) havkig at least one apertiro ^) 
ther«n; 

b) at least one optical or electroK)ptical device (23) 
{coltecHvely "device"); and 

c) optical fiber connector means (10) adapted for 
sealing the aperture, for receiving the end of an 
optical fiber, and for maintaining the end of the 
ftoer in optical coupling relationship with respect to 
the device; 

CHARACTERISED IN THAT the optical fiber con- 
nector means comprise a radlation-transmlssh^ 
member (10) attached to the housing such that it 
seals the aperture in the housing; wherein the 
radiation^ransmissive member has a first (16) and 
a second surface, with the first siirfece (16) facing 
the first member (20). the radiation-transmisslve 


member comprising a recess (12) that extends 
from one (16) of the surfaces towards the other 
surface, leaving a "septum" (14) of material be- 
tween the bottom of the recess and the other 

5 surface; the device (23) being maintained in pre- 
determined position with respect to the recess; the 
connector means further comprising means (41) for 
holding the end of the optical fiber in optical cou- < 
pling relationship with the device, with the radiation 

10 to be transmitted through the septum. 

2. Assembly according to claim 1, wherein the 
radiation-transmisslve member comprises single 
crystal Si, with the first surface being substantially 
parallel with a (100) crystal plane, and further com- 

16 prising an antireflection coating on at least one side 
of ti)e septum. 

3. Assembly according to any claims 1 and 2, 
wherein the recess extends from the first surface 
towards the second surface, and the device (23) is 

20 mounted on the second surface of the radiation- 
transmisslve member, or is formed in the radiation- 
transmisslve member. 

4. Assembly according to claim 3. wherein the 
second surface comprises a depression, t&nned a 

25 "well", wttti tt)e device mounted in the well. 

5. Assembly according to claim 3, wherein the 
means for holding the end of the optical fiber in 
optical coupling relationship with tfie device com- 
prise the recess (12). 

30 6. Assembly according to claim 5. wherein the end 
of ttie optical fiber is to extend into tiie recess and 
to be positioned thereby witti respect to the device, 
or wherein focusing means dSO) are positioned be- 
tween ttie septum and the end of ihe optical fiber. 

35 7. Assembly according to daim 1. wherein the 
recess extends from the second surface towards 
tiie first surface, and tfie device is mounted on the 
bottom of the recess. 

a Assembly accorcfing to daim 7, wherein the 

40 means for hokfing ttie end of the optical fiber in 
optical coupling relationship with the device com- 
prise a first geometrical feature on the first surface 
of the ractiatiorHransmtssive memt>er and a cor- 
responding second geometrical feature on a sur- 

45 face of a guide member, the gidde member com- 
prising a through-aperture, tfie end of the optical 
fiber to be held witttin the tiirough-aperture, the 
second geometrical feature adapted for mating witii 
file first geometrical feature, whereby the end of 

50 tifie optical fiber is maintained in optical coupling 
relation^ip with the device. 
9. Assembly according to claim 3. wherein the 
means for holding the end of tfie optical fiber In 
coupling relationship witii tfie device comprise 

55 i) a first basically cylindrical "plug" (70) wifli an 
axial through-tx>re therein, the first plug attached 
to ttie member (20) such that ttie tiirough-bore 
is essentially co-axial witti ttie aperture in the 
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member (20); 

ii) a length of optical fiber held within the 
through-bore and extending towards the recess, 
an end of the length of fiber being in optical 
coupling relationship with the device; 5 
ill) an alignment sleeve (72) substantially sur- 
rounding a part of the first plug and extending 
beyond the first plug; and 
iv) connector housing nrteans (71) also attached 
relative to ttie member (20), substantially sur- io 
rounding the first plug and the alignment sleeve, 
and comprising means for engaging an oppos- 
ing optical fik)er connector means such that an 
optical fiber in the opposing connector means is 
in optical coupling relationship with the lengtfi of is 
optical fiber. 

10. Assembly according to claim 7. wherein the 
means for holding the end of the optical fiber in 
coupling relationship with the device comprise the 
radiation-transmissive member and a guide men>- so 
ber that comprises a first and a second surface and 
a multiplicity of through-apertures extending be- 
tween the first and second surfaces of the guide 
member, each through-aperture adapted for receiv- 
ing therein an end of an optical fiber, the guide 2s 
member furthenmore comprising at least one pro- 
trusion positioned and shaped so as to matingly 
eng^ with a conresponding depression in the first 
surface of the radiation4ransmissive member, the 
guide memt)er also comprising single crystal Si, 30 
with a (100) crystal plane being sut)stantially par- 
allel to the first surface of the guide member. 
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FIG. 8 
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